The migration is energy-demanding and is expected to greatly affect the distribution of individuals over the species range and condition the choice of migratory routes. We investigated the wintering distributions and migratory flyways use of geographically contiguous populations of Lesser Black-backed Gulls (Larus fuscus) and difference in population winter age structure between migratory flyways. Recoveries of metal ringed pulli from Denmark, Sweden, and Finland were used. The results showed that contiguous populations can have distinct wintering distribution patterns and migratory flyways. More importantly, we found that depending on the place of origin, the population winter distribution may or may not show a latitudinal cline in the age structure. The population migrating via the eastern Atlantic flyway (western flyway) showed a winter age-related latitudinal cline, with adults staying at more northern latitudes than immatures. In contrast, no such pattern was found in the population migrating along the Mediterranean/Black sea flyway (eastern flyway). Interestingly, immatures within the eastern population showed a more dispersed pattern of migratory bearings. Overall, our results enhance the importance of the migration flyway in shaping the age structure of populations in the winter quarters and how it may influence the effect of other factors like sexual maturation.
Introduction
During migration, geographically distinct populations of the same species can face different challenges when moving between breeding and wintering areas. Ecological barriers, such as the Sahara Desert, or mountain ranges, such as the Alps or the Pyrenees, contribute to the shaping of migratory routes and the patterns of distribution of the species that have to cross them [1, 2] . Thus, in species that are spread over wide geographical ranges, populations from the extremes of the distribution can have different migratory problems to solve and can thus develop distinct migratory behaviours in response to the specific ecological constraints (e.g., different migratory routes or migration timings [3] [4] [5] ).
A longitudinal effect on the wintering distribution of populations has been well documented [6] [7] [8] [9] ; birds that breed furthest west in the breeding range tend to winter furthest west in the nonbreeding range, while those that breed furthest east also winter furthest east. This pattern represents a general tendency revealed by ringing recovery data for most groups of birds [1, 2] . Similarly, latitudinal effects can also be found within and among populations of the same species [10, 11] . Within-population results evidence the existence of a variety of distribution and differential migration patterns [12] . Differential patterns that may be related to sex [13] , age [14, 15] , or a combination of both [16] .
Because age affects the behaviour of individuals, it is an important factor to consider when analyzing the geographic distribution patterns of populations [12, 17] . In a western population of Lesser Black-backed Gulls, Larus fuscus, adults, and juveniles were shown to exhibit different migration habits and distribution patterns [18, 19] , with adults staying in the northern part of the distribution range while juveniles stayed further south. Thus, in order to understand the migration and distribution patterns over the species range, it is essential to consider both the effects of ecological constraints (e.g., ecological barriers) and the individual's behavioural constraints (e.g., sexual maturation).
In this study we analyzed the wintering distributions of populations of Lesser Black-backed Gulls breeding in the northern breeding range of the species, (Sweden, Denmark, and Finland, Figure 1 ). The species uses two major migration flyways, a eastern Atlantic flyway (western flyway), and a Mediterranean/Black sea flyway (eastern flyway) [20, 21] . According to the parallel migration pattern (see above) we expect that populations will differ in their longitudinal winter distributions depending on their breeding location. In addition, we will expect a latitudinal population age-structure variation in the two migration flyways with adults staying more northern than juveniles in the winter range. Here, we investigate the migration and wintering patterns in several northern breeding populations ( Figure 1 ). We predicted that if sexual maturation is in the onset of age related distribution patterns, then northern populations of L. fuscus should all present similar distribution patterns in the wintering area.
Methods

Species and Study
Area. The Lesser Black-backed Gull L. fuscus is a migratory species with a wide distribution. Its breeding area extends across the coastal areas of Europe and Asia, from Iceland to France and to Russia, while its wintering range extends from Europe, to the Black Sea, and Africa.
Dataset and Subpopulations.
This study used data from the Danish ringing centre at the Natural History Museum of Denmark (SNM), the Swedish ringing centre at the Swedish Museum of Natural History (NRM), and the Finnish ringing centre at the Finnish Museum of Natural History (FMNH). From the overall set of data (all based on metal ring recoveries) we only extracted records of gulls ringed as pulli that had species verification, accuracy of date higher than 6 weeks (i.e., date of finding death ≤6 weeks), and accuracy of place higher than 2.5 km radius (i.e., radius ≤2.5 km). We excluded all records of birds found not freshly dead or with condition unknown or not ringed as pulli. In addition, we used recoveries of gulls during the winter period from November to February and found at least 500 km away from their ringing place. This perimeter allowed avoids potential biases on recovery data. These criteria ensure the taxonomical, temporal, and spatial data quality level necessary to this study. A total of 229 recoveries matched all the above criteria.
Based on migration atlases [20, 21] , the dataset was divided into two populations according to their ringing location: a western population ringed in the Faroe Islands and the North Sea (mainland Denmark and west coast of Sweden) and an eastern population ringed in the Baltic Sea, the Gulf of Bothnia, and mainland Finland ( Figure 1 ). The wintering distributions of individuals were studied based on division of the wintering range into three areas: the area above parallel 49 ∘ (north), the area between parallels 49 ∘ (central) and 30 ∘ (south), and areas bellow parallel 30 ∘ , corresponding to areas north of the Alps and Carpathian mountains, between these and the Sahara Desert, and south of the Sahara Desert ( Figure 2 ).
Age
Structure. Individuals were classified into two age classes according to their age at the time of recovery: immature (1st and 2nd winters) and adults (3rd or more winters). Data were analyzed using contingency tables. Hypotheses were analyzed using a simulation program that performs the 2 test (ACTUS software). ACTUS allowed us to assess the significance of the contingency table without normal restrictions imposed by the simple use of the 2 test, whilst allowing simultaneous assessment of the significance of the deviations between expected and observed frequencies of individual cells based on 1,000 simulations (for details see [14, 22] ). In addition, an ANOVA approach was used to test the hypotheses about longitudinal population differences (two-factor ANOVA, longitude was used as the dependent variable and population and age as independent factors) and to compare the distances travelled by adults to the wintering areas (one-factor ANOVA, distance was used as the dependent variable and population as the independent factor). Because, variables "longitude" and "distance" were not uniform, logarithmic transformations were applied (log( + 1)).
Migratory Bearings.
Distances between pairs of observations were calculated from the geographic coordinates using the orthodromic distance, which represents the distance between two points along a spherical surface. The orthodromic distance ( ) was calculated using the following expression:
where lat1 represents the latitudinal coordinate of location 1, long1 the longitudinal coordinate of location 1, lat2 the latitudinal coordinate of location 2, and long2 the longitudinal coordinate of location 2, and is the radius of the earth ( = 6371 km) [23] . Migratory bearings were calculated using the following formula:
Bearings calculated using (b) were then grouped by populations and within populations by age classes and analyzed using software for circular statistics (Oriana 2). The significance of each mean vector ( , mean angular direction;
, mean vector length) was given by the Rayleigh test. and African Atlantic coasts (i.e., from The Netherlands to Portugal and from Morocco to Namibia), in the Mediterranean and Red Seas and in Central Africa (Figure 2(a) ). The two populations analyzed were not uniformly distributed across the wintering area (ANOVA population 1,225 = 297.33, < 0.0001), with populations having wintering ranges that reflected their positioning within the breeding areas (Figure 2(b) ). We also found an effect of age in longitude with adults overall stay more to west (ANOVA age 1,225 = 6.07, < 0.01; Figure 2 (c)) but no significant interaction between age and population (ANOVA population × age 1,225 = 1.45, = 0.229). The western population wintered along the European and African Atlantic coasts and in the western part of the Mediterranean Sea, while the eastern population wintered in the eastern part of the Mediterranean Sea, in the Red Sea and in Central Africa.
Results
Intrapopulation Distribution.
The age-related distributions of the different populations across their wintering ranges differed (Figures 2 and 3) . The western population showed an age-related latitudinal cline ( 2 = 17.012, = 72, df = 2, and < 0.001; Figure 3 ) with a significant north-tosouth decrease in the relative abundance of adults (simulation test, < 0.05) and an increase in the relative abundance of immatures (simulation test, < 0.05). In contrast, the age structure in the eastern population remained uniform across the latitudinal cline ( 2 = 2.036, = 157, and df = 2, > 0.3; Figure 3 ). Interestingly, the distribution of individuals from the two populations differ significantly (adults: 2 = 11.36, = 76, df = 2, and < 0.01; juveniles: 2 = 18.07, = 152, df = 2, < 0.001; Figure 3 ).
Moreover, adults from each population differed in the distance travelled to the wintering areas (ANOVA 1,75 = 20.98, < 0.0001), with eastern adults travelling almost twice as far as western adults (eastern adults: mean distance travelled, 3737 km; western adults: mean distance travelled 1789 km).
Interpopulation Migratory Bearings.
Because the eastern and western populations breed and winter in geographically distinct areas, we analyzed the bearings of their migratory flights. As expected, the western population showed a significant south-southwestward orientation, while the eastern population showed a significant southward orientation ( Figure 4 ), and these migratory orientations differed significantly between the two populations ( Figure 4 ).
Intrapopulation Migratory Bearings. Analysis of each population by age class (adults versus immatures)
showed no difference between the preferred migratory directions of adults and immatures in the western population ( Figure 4) ; however, in the eastern population, the preferred directions of immatures and adults were significantly different, with adults migrating along a direction slightly east of south and immatures along a direction slightly west of south (Figure 4 ).
Discussion
Birds heading south during their fall migration generally tend to follow parallel routes, with populations breeding further west also wintering further west, and similarly for populations in the east [1, 2] . As previously known L. fuscus is no exception [20, 21] ; populations breeding west tend to be distributed to the west of the wintering range, while populations breeding east tend to be distributed to the east of the wintering range. This tendency corresponds to a longitudinal cline in accordance with a parallel migration pattern, but with an overlap in the central Mediterranean area (Figure 2 ).
Adults and immatures of several species exhibit different migration patterns [12] , potentially resulting in an age-related latitudinal cline over the species' wintering range (e.g., [24] ). Previously, it was reported for a L. fuscus western population that adults tend to stay in the northern parts of the wintering range, while immatures distribute further south [18, 19] . The findings were then interpreted in light of the arrival time hypothesis [18] . In accordance, our western population followed an age-related cline across the wintering range, but the eastern population followed a distinct pattern, with individuals distributed homogeneously across the population's wintering range, regardless of their age (Figure 3) . The difference between wintering distributions importantly suggests that the two groups are facing different ecological constraints (e.g., presence/absence of stopovers or presence/absence of ecological barriers). Alternatively, one can hypothesized that recovery biases are behind the observed results. However, a careful selection and standardization of the data analysed (see methods), in addition to the lines of evidence that in the eastern flyway the number of recoveries is not affected with latitude (i.e., in areas that theoretically could be problematic due to lower population density; Figure 3 ), disclosed recovery biases from playing a rule in the observed results. The question appears to be more complex and findings suggest that the two populations are facing different constraints during migration. Western populations can freely migrate southward along the Atlantic Coast, while eastern populations have to cross two important ecological barriers: the Alps and the Sahara desert. Consequently, gulls flying via the eastern flyway have to travel significantly greater distances than gulls flying via the western flyway, for wintering ( Figure 2 ). The consequences of this effort are unknown, but the ongoing complex dynamics in the breeding areas of the eastern population (with local decreasing populations, food shortage, disease, and predation, [25, 26] ) suggest that might have an impact in eastern seagulls survival.
Overall, this result suggests that other factor besides age (here as an approach for sexual maturation) may influence the population distribution and, contrary to previously proposed [19] , the arrival time hypothesis might not be the best suitable framework to explain the species migration pattern. The presence of a latitudinal cline in the winter population agestructure in the western flyway and its absence in the eastern flyway suggest that besides the sexual maturation, features of the migratory flyway (e.g., food and stopover availability or ecological barriers) are important in shaping migration patterns.
Parallel migration theoretically suggests that populations should follow the same vector bearings when migrating between the breeding and wintering areas. However that is not necessarily what occurs, and even when a population's wintering distribution mirrors that of their breeding distribution, they may have to follow distinct migratory bearings. Because of the different winter distributions we would expect the eastern L. fuscus population to follow a different migratory bearing from that followed by the western population. Indeed, our results showed that the eastern and western populations differed in terms of their migratory bearings (Figure 4) , with the western population following a southwestward bearing, similar to other western populations, along the Atlantic European coast [27, 28] , while the eastern population followed a southward bearing across central Europe (Figure 4) . Surprisingly, adults and immatures in the eastern population followed different migration directions (Figure 4 ). More detailed analysis showed that eastern immatures actually had two migration directions, with a fraction of the population presenting a general migratory bearing southwestward similar to the migratory bearing of immature of the western population and another southward similar to the migratory bearing of adults of their own population (Figure 4) . In a recent study with a Norwegian population of L. fuscus, which was expected to migrate via the eastern flyway also found that a portion of 1st winters migrate via the western flyway [26] . In contrast, adults migrate via the eastern flyway [26] .
The pattern of migratory bearings seen in the eastern population raises several interesting questions. In many 6 International Journal of Ecology species the juveniles use an innate spatiotemporal migratory program [29] . However, since adults have a different bearing, adults must have learnt to use an alternative migratory route. Therefore, our results can be explained by immatures either migrating alone or with adults, adult guiding to use the eastern flyway. Immatures (e.g., first-winter migrants) are also known to have a tendency to follow older birds during migration, thus avoiding naïve navigational errors (e.g., [30] ). We know that gulls can change their migratory behaviour with age [18] and this result could be due to a similar process. The orography of the Baltic Sea area provides a natural trap, keeping a fraction of immatures in this region until severe winter weather results in their death and potentiating the use of the eastern flyway. The longer migration distances of the eastern adult gulls and the two alternative migration directions of the immature (see above), combined with other factors such as food shortages and pollution [25, 31] , could be influencing the decline of the eastern populations by affecting offspring quality and timing of migration.
Overall, we identified two different patterns of migration and wintering habits in two geographically contiguous populations within the same species. These results reinforce the role of flyway characteristics, like ecological barriers and stopover availability, in shaping population winter age structure and thus migration routes and annual routines. Understanding this interaction is of fundamental importance to identify important processes with potential implications for conservation plans (e.g., [25, 32] , population control (e.g., [33] ), and/or the evaluation of human health risks (e.g., dissemination of contagious diseases (e.g., [34] ).
